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Introduction
Seed germination is a critical stage of the life-cycle in most plant species, particularly in epiphytic plants that preset strong water seasonality (Franco 2002 , Mondragon & Calvo-Irabien 2006 . Thus, seed germination success may reflect upon population size, distribution and abundance (Rojas-Aréchiga et al. 1998 , Flores & Briones 2001 , Ramírez-Padilla & Valverde 2005 . Indeed, the environmental conditions of the area of species occurrence are essential to determine the seeds characteristics and its germination responses. Mainly, the light associated to the temperature can promote or inhibit the germination and then influence the seed germination process (Valverde et al. 2004 , Ramírez-Padilla & Valverde 2005 , Flores et al. 2006 , Cotá-Sánchez & Abreu 2007 , Simão et al. 2007 .
The seed germination events in natural conditions is controlled by phytochrome present in seeds (Kronenberg & Kendrick 1986 , Takaki 2001 , temperature (Válio & Scarpa 2001 , Sugahara & Takaki 2004 , Simão et al. 2007 ), water availability, soil or substrate type and the rate of gas exchange (Bewley & Black 1994 , Fenner & Thompson 2005 . All of those factors influence the germination alone or associated among them, so each portion or population of seeds shows different responses to the environment variations.
Several species in plant communities present seed germination responses, at least partially mediated by phytochrome (Botto et al. 1996) . However, among species there is a large variation in the light-sensitive seeds, mainly in the function of the morphological and physiological characteristics (Amaral-Barolli & Takaki 2001 , Rojas-Aréchiga et al. 2001 besides of the temperature effect (Válio & Scarpa 2001 , Sugahara & Takaki 2004 ) which can or not change the sensitivity of seeds to light.
The seed light sensitivity can change with the temperature of incubation (Smith 1975 , Takaki et al. 1981 . For instance, in highly light sensitive seeds of Arabidopsis thaliana the far-red light causes only partial reversal of the red light induction and the far-red alone can promotes germination in darkness (Botto et al. 1996) . Thus, for some species, at specific conditions short period of light at very low fluence such as from dim green safe light used in photomorphogenic studies, is sufficient to trigger the germination process (Baskin, J.M. & Baskin, C.C. 1979 , Amaral-Baroli & Takaki 2001 .
In Cactaceae, the responses of seeds for germination process in arid land (Ramirez-Padilla & Valverde 2005 , Flores et al. 2006 and moist tropical areas (Cota-Sánchez & Abreu 2007 , Simão et al. 2007 ) are different and related to the needed conditions for seedling establishment and survival.
In the present work we studied the seed germination process in Epiphyllum phyllanthus (L.) Haw., a representative epiphytic cactacean from the Brazilian Atlantic Forest, which has wide distribution and occurs in South America between Paraguay until south of Brazil (Kimnach 1964) . E. phyllanthus belongs to Hylocereeae together with Pseudorhipsalis, Disocactus, Selenicereus, Hylocereus e Weberocereus, including epiphytic and rupicule plants with the most of the species occurring in Central America. Cactaceae species have Neotropical distribution and they are found mostly in arid or semiarid environments and 220 species with epiphytic life-form in the tropical and sub-tropical rain forest, mainly the subfamily Cactoideae, and tribes Hylocereeae and Rhipsalideae (Bauer & Waechter 2006) .
E. phyllanthus has non-dormant (viviparous) seeds which are responsible for colonizing near the mother plant (Tomazi & Figueiredo 2002) and present high mortality of viviparous seedlings during the early establishment stages ). Thus effort for the maintenance of the E. phyllanthus population is crucial, mainly in degraded environments. In this context, the aim of this paper was the study of the characteristics of the germination of E. phyllanthus non viviparous seeds under light and temperature effects.
Material and Methods
Epiphyllum phyllanthus indehiscent fruits were harvested in ten specimens present on Caesalpinia peltophoroides Benth. trees at UNESP Campus at Rio Claro, São Paulo, Brazil. The fruits were opened on a sieve and the seeds washed under tap water to remove mucilage covering of the seeds. After this process the seeds were put to dry at 25 °C and stored at 10 °C in a sealed glass bottle. The all experiments were carried out within a period of four months seed storage.
For germination experiments, 25 seeds were spread on two layers of water imbibed filter paper in each of four 50 mm diameter Petri dishes. For white light treatment, the Petri dishes were put inside colorless and transparent plastic boxes (10 × 10 mm) under day-light fluorescent lamps and dark treatment inside black boxes (10 × 10 mm). Isothermic incubations were carried out inside germination chambers in the range of 5 to 45 °C with 5° C intervals. White light was obtained with the aid of two 20 W day-light fluorescent lamps with the photon fluence rate of 32.85 µmol.m -1 .s -1 at seed level. The germination experiments were carried out within a minimum period of thirty days from sowing.
Seeds with at least 1 mm long roots were considered as germinated. The germinated seeds were daily scored and the dark incubated seeds were scored under dim green safe light (Amaral-Baroli & Takaki 2001) and one control treatment was maintained in completely darkness during the experimental period with counting only at the end of the experiment. Relative frequency of germination (Equation 1).
RF = n i /Nt
(1)
where n i is the number of germinated seeds between times ti-1 and t i ); germination rate (Equation 2).
GR = 1/t (2)
where t is the mean time, calculated as (Equation 3).
and synchronization index (Equation 4).
where RF is the relative frequency of germination) were calculated according to Labouriau & Osborn (1984) . The Arrhenius plot of germination rates were done using (Equation 5).
-R.lnGR (5) where: R = gas universal constant of 1.987 kcal.(K.mol) -1 , lnGR is the natural logarithm of germination rate. Kinetics of seed germination was determined using the variation in the enthalpy of activation of seed germination
where R is the gas universal constant of 1.987 cal; Tm the minimum temperature, TM the maximum temperature of germination, θ the harmonic mean between Tm and TM and T the temperature (°K) (Labouriau & Osborn 1984) . The germination percentage was transformed in arcsine of √% before statistical analysis. The data were submitted to factorial analysis and One Way ANOVA followed by Tukey test at α ≤ 0.05 (Sokal & Rohlf 1981 
Results and Discussion
The temperature and light have different effects on the seed germination of studied cactacean species (Rojas-Aréchiga & Vázquez-Yanes 2000, Ramírez-Padilla & Valverde 2005 , Flores et al. 2006 , Simão et al. 2007 ) and those two factors have more effect on the germination rates than on germination percentage, as determined in Epiphyllum phyllanthus seed germination. Here, the temperature had no significant effect on final germination percentage except at 45 °C where no germination was observed and at 10 °C in darkness but the absence of white light decreased significantly (p < 0.05) the germination rates (Figures 1a and 1b) . Ramírez-Padilla & Valverde (2005) also related the temperature effect more significant on the germination rate rather than final germination percentage in Neobuxbaumia macrocephala (F.A.C. Weber ex K. Schum.) E.Y. Dawson, N. tetetzo (J.M. Coult.) Backeb. and N. mezcalaensis Bravo (Cactaceae). At complete darkness the final percentage germination was lower than under green safe light daily counting. Those results indicate that the phytochrome A is controlling the germination process (Botto et al. 1996) .
The minimum temperature for E. phyllanthus seeds to germinate was between 5 to 10 °C and the maximum between 40 to 45 °C. An interesting fact was a high germination percentage (>80%) observed under temperature of 40 °C although no germination was observed at 45 °C (Figure 1) . The germination synchronization indexes were lowest (or highest germination synchronization) in the range of 20 to 30 °C (Table 1) .
Some Cactaceae species are capable to germinate in a wide temperature range between 10 to 40 °C, generally reaching their highest percentages between 20 to 30 °C (Rojas-Aréchiga & Vázquez-Yanes 2000), and in general, seeds germinated at high rate when exposed to high temperatures when compared to seeds exposed to relatively lower temperatures (Ramírez-Padilla & Valverde 2005 , Simão et al. 2007 ).
The optimal temperature range for E. phyllanthus seed germination was between 20 and 30 °C (highest germination percentage and rate and highest synchronization) corroborating Rójas-Aréchiga & Vázquez-Yanes (2000) that reported this temperature range for seed germination of Cactaceae species. Although with high final percentage germination at 15, 35, 40 °C (Figure 1a, 1b and 2) without significant difference to optimal range to temperature, wide variation in germination rate (Figure 1a , Table 1 ) with significant difference (p < 0.05) among treatments were observed.
According to Labouriau & Osborn (1984) , the rate of seed germination is limited by diffusion processes at |∆H#η| < 12 kcal.mol -1 . The analysis of the kinetics of seed germination indicates clearly that the germination of seeds under continuous white light the diffusion process such as oxygen and water is limited by temperature in the range of 22.5 to 31.6 °C while under dark incubation with intermitent dim green safe light the range is from 18.1 to 30.7 °C. Those results indicates that in phyA controlled seed germination the temperature range is, at least 3.5 °C broader, when the germination .95695, p = 0.000012); temperature*white light (F = 26.77646, p = 0.000000); temperature*complete darkness (F = 6.672, p = 0.001115). Germination rate: temperature*darkness/ green safe light (F = 130.7110, p = 0.000012); temperature* white light (F = 54.13232, p = 0.000000).
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Biota Neotrop., vol. 10, no. 1 is only limited by difusion process rather than the process controlled by phyB. In another words, phyA controlled seed germination is less temperature dependent than phyB controlled seed germination at low temperatures ( Figure 2) . The seeds of E. phyllanthus were light sensitive (Figure 1a , 1b and 2), and when daily scored under dim green safe light the final germination percentage was statistically similar to the treatment under continuous white light. However, the germination rate under darkness scored with green light was lower than under white light (Figure 1b ) with significant difference (p < 0.05). E. phyllanthus showed low germination percentage under complete darkness in all tested temperatures with significant (p < 0.05) increase at high temperatures (Figure 1a ). At 15 °C seeds incubated in complete darkness presented near 40% germination and with increase in the temperature of incubation, decrease in the final percentage germination was observed until 35 °C. This decrease in the germination process is due to the increase in the rate of dark reversion of Pfr. This indicates that part of the population of seeds presents pre existing Pfr of phytochrome B inducing the germination process.
Some articles reported the effect of light promoting seed germination in some cactacean species with different responses to light conditions suggesting the presence of phytochrome in those seeds (Nolasco et al. 1996 , Rójas-Aréchiga et al. 1997 , Pimienta-Barrios et al. 2004 , Flores et al. 2006 , Simão et al. 2007 ). This light sensitivity of seeds can change with the temperature of incubation (Smith 1975 , Takaki et al. 1985 such as in E. phyllanthus seeds which germinate only under white light at 10 °C and increase in light sensitivity at temperature range from 15 to 40 °C (Figure 1a ). In those range of temperature E. phyllanthus seeds were highly sensitive to light, because daily short periods of exposition to the dim green safe light used to score the germinated seeds were sufficient to promote germination percentage similar to continuous white light incubated seeds. The germination of seeds under green safe light was also reported by Amaral- Baroli & Takaki (2001) in Bidens pilosa, when 5% of phytochrome as Pfr were enough to promote complete germination. Our results with E. phyllanthus indicates that the seed germination is controlled by phytochrome through two distinct processes, by low fluence response by phyB and by very low fluence response by phyA (Takaki 2001) for both treatments, continuous white light and intermittent dim green safe light irradiation, respectively. The high sensitivity to light indicates that E. phyllanthus seeds such as in Hylocereus setaceus (Salm-Dyck) Ralf Bauer (Simão et al. 2007) , can germinate in small gaps of the canopy or when the seeds are covered by light impermeable material, such as under the bark of trees.
Above 35 °C under intermittent dim green safe light irradiation the germination rate tends to increase suggesting that a non phytochrome related process controls the germination process (Figure 1b) . The Arrhenius plots of germination rates of seeds treated with white light and intermittent dim green safe light irradiation indicate that in the former the lowest energy of activation of germination occurs between 20 and 30 °C and in the latter between 20 and 25 °C and above 35 °C (Figure 3) . At 35 and 40 °C the germination process is not controlled by phytochrome, since at high temperature the rate of the dark reversion increases removing a possible pre-existing Pfr (Smith 1975) . The participation of another process not related to the phytochrome control can the observed in intermitent dim green light and complete darkness incubations where low increse in the final percentage was observed. Above 35 °C under intermitent green light the activation energy decreases confirming the non phytochrome controlled seed germination (Figure 3) .
The germination of seeds of E. phyllanthus in complete darkness can be attributed to the pre existing Pfr enough to induce the germination process in part of seed population (Takaki 2001) . The phytochrome controlled seed germination demonstrated here was also observed in another cactaceans such as Hylocereus setaceus (Simão et al. 2007) , Pachycereus hollianus Buxb., Cephalocereus chrysacanthus (F.A.C. Weber ex Schum.) Britton & Rose and Neobuxbaumia tetetzo ( Rójas-Aréchiga et al. 1997) .
The high seed viability and presence of viviparous seeds with precocious germination inside of E. phyllanthus fruits (Cota-Sánchez & Abreu 2007), the epiphytic habit associated to high germination rate and high light sensitive seeds suggest that this species do not form seed bank under natural conditions. Although high percentage seed germination was obtained after twelve month storage at 10 °C in a sealed glass bottle indicating the orthodox seed characteristics (Simão unpublished data) . For Hylocereus setaceus, another epiphytic Cactaceae, the seed bank can be formed on the bark of some tree species in places sheltered from sun light (Simão et al. 2007) demonstrating the variable responses between species of the same habitat and life-forms.
One portion of the seed populations in E. phyllanthus germinates inside de fruit before they are shed from the mother plant (Conde 1975 , Cotá-Sánchez & Abreu 2007 which is an important reproductive strategy and a shift toward a more efficient mechanism favoring germination and seedling establishment, contributing to population maintenance and short-distance dispersal (Cotá-Sánchez et al. 2007 ).
After ripening the E. phyllanthus fruit presents evident area of dehiscence, which is tiny portion of the fruit wall. From this suture, seeds and seedlings are visible, which facilitate the emergence and subsequent seedling growth inside and outside the fruit (Cota-Sánchez & Abreu 2007) . The presence of this area of the dehiscence fruit facilitates the germination of seeds inside it because allow the gas exchange between internal and external of fruit wall and further the light passing through tiny portion of the fruit wall.
Based on the results presented in this paper, it is possible to conclude that E. phyllanthus seeds are highly sensitive to light and their germination was promoted by very low fluencies of light through the very low fluence response of phytochrome action, mediated by phyA, and through the low fluence response, mediated by phyB. At high temperatures a non phytochrome related process controls the seed germination. The interaction between light and temperature changes the light sensitivity in E. phyllanthus seeds under extreme temperatures.
